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fl£3fettfl5 4 IC 33 W" 5 £iR ( ryisual Learning and Recognition of3-D Object 
s from Appearance j ,Hiroshi Murase and Shree K. Nayer, Int. J. Computer 
Vision, vol. 14, pp. 5-24, 1995) tCSB«3ft;M£#&flri?tt, KJim&LG>mW3k 
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#£3fc&fl5 5, 6 ;fc«fctf7 {C£tt£:£ji£ ( ""What Is the Set of Images of an 
Object Under All Possiblel 1 lumination Conditions? j , Peter N. Belhumeur 

and David J. Kriegman, Int. J. Computer Vision, vol.28, pp. 245-260, 1998 
) {CfB^^tlfeU lumination Subspace Method, Sampling Method ttM^ 

[0 0 18] 

^^Illumination Subspace Method, Sampling Method £.3&\Z.t&}i$. 
[0 0 19] 

^^11 lumination Subspace Methods ^ft©&3$3 iCjStfTextren 
e ray &ff-|EtS$i§ lC#SfC# < © tUTS & STT 5 . ifcltR ( ""What Is the 
Set of Images of an Object Under All Possiblelllumination Conditions? j 
, Peter N. Belhumeur and David J. Kriegman, Int. J. Computer Vision, vol. 
28, pp. 245-260, 1998 ) ICfctltf, W^t®©*^^ h)WD? "^JS^aftStftt, 
©^MlfeSl^ extreme ray ©gt lift* "CM (M- 1 ) filf&S. L£#o 
T, «#^«^fll**©<l:^K:#j|«jQ:=bffl-C3asVN|sy, 0*&I5t©IlHii£ftllL 
&tt*U£&£> tS^fc^tt©— JRttfcf&ttiCjtfLT^T© extreme 
ray fcttHf * d £ ttff-M©j^-eraS*«feS. tottTgtttfCrefc <, fiB 

©fflS##3feffii& M U T£ £ S ifctf & S *^IC W:*© * * & £ i: ttT? £ 
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^^Illumination Subspace Method, Sampling Method GftgltfM 
i:^^^V^^©TT'©S/J^Zlm^£©fm : bextreme ray ©BtlCW^UT^StC 
#<©ftll:i;£&Mt-6£^e>r^6%&£ 0 ^Sampling Method ©Kffiftftt 

s © to -e & & ^ <^ e> rmjsj^ * * s „ 

[0 0 2 1] 

cSfatC ^^Illumination Subspace Method, Sampling Method (i, 
[0 0 2 2] 

1X3 &7cJg*K &&5^i**f MS© * ^ 9 *eigi^ L 2 ^TttiSlilC J: »; fig^-r -s 
3 £ # i^fg & ® MitHSS, Hlfefla^* *62i * © ^ n ^ A S: 82» L fe 8B»« 
# £ 3 d t £ B » £ 1" S . 

[0 0 2 3] 

[0 0 2 4] 
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[0 0 2 5] 

fTOIilE^micj: y^S*ifeJt«B»i:, «j^¥©JC J: »J»»S ft£A*®# 

[0 0 2 6] 

(D 3 ^m^(D^miz^n ^mm<D^%tm^m^-t ^>BLMmm^m.t.. 3 & 

[0 0 2 7] 

© ICfc »; iW5£ S ft 3 i: > ®#'ff#Blfe##l£ K J: y 3t» <* ft feBfrff $ 

[0 0 2 8] 

i: ^ § 3 r^SM I: IS 1 5 3 t > &S» , r 
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[0 0 2 9] 

[0 0 3 0] 
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*k mm&ftizj: vmm±icmnx^z>mMmm<D±%v$-%:moQm(Dmm.'<? 
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* i- s fl&iB&#gEf &$?)ic^bT s ti & z t & nm t~rz> a 

[0 0 3 3] 

mmmmm^^t^mm^^&.£. mmm^m,^mz.^ vQLf&znfemwM 
mm mm- & tc £ »; jgjg $ *i & aji bar a s % -r mm & l x 

[0 0 3 4] 
[0 0 3 5] 
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[0 0 3 6] 
[0 0 3 7] 
[0 0 3 8] 

, y^6J^snfcA*H^^i^c¥oTv^s4^^f^i©fi[«^»s:fi^L, & 

[0 0 3 9] 

ZftfrfcMmtfrb ttm&tiLU £ ft& ffi 1" s gg i cd ffl#S 3 

*ib«#®k:j: »;ga«snfc3^7c^i:#isj^ffi«i:, »2©#a^ftffi#a 
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[0 0 4 0] 
[0 0 4 1 ] 



[0 0 4 2] 

IC J: »J , fM (C J: »J Hf «± JC 3^*1 T V x s H O ^C«P ^ S: « ^ S W © S/£ 

a 

[0 0 4 3] 
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[0 0 4 4] 

ftx^zmfox&zfr^frzmfe^&m&wfe^&.£. zmLxwmt*ftz>z.£ 

[0 0 4 5 ] 
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[0 0 4 6] 
[0 0 4 7 ] 

W#^2 4gB«©38tt=l«:, |f#^2*^2 3©^-rtl^l^tCfB«©»reiCfc 
[0 0 4 8] 

H#JE2 5|H^I§^«, ft^S2^e>2 4<D^-rtl^l^{CfB«©|g^{C^V^ 
[0 0 4 9] 

at -rs^i 

[0 0 5 0] 
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[0 0 5 1 ] 
[0 0 5 2] 
[0 0 5 3] 

[0 0 5 4] 

X^ICJ: ya^Sixfeft^©^-* fcJ8tet-&fttt©H«&A:frilff«i: OTfg» 

f£*ilEX@£, StfiiBSE»flliEXSlcJ:»;»iE3nfefiia^i:, SflSxetcj: 
yfi»SftfeSir-*fc*?>, »»X5gJCJ: y»»snfcA*lif«Eiira-©ffi 

ti fe xtsmm £ & Jt« u m2 o ©m«<0£4ri£©mhe s iirmt&x 

Si:, Iliitilic «fc y#ffi3*i&fiMi*6icas^T, ^x^tciuffif^ 

[0 0 5 5] 

»#^3'2ia*©»9!tt, »*^3 1 mm&ftmizis^T. a»xst±, s» 

3 *^^©#ffifiJC J3WS*M© j R#*S:M^ , r SMSf^saS^Xgi:, 
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[0 0 5 6] 

mnin iz & *j mm 2 *i 3 h , H«ts#3i»xs (c «fc y mm s n & ® & 

[0 0 5 7] 

3^7c^i:, Mt*»^x^tc j: vmfeznfrfcmmt *&m?-zh una 

[0 0 5 8] 

m^-^3 smm&mwi*. m&~%.3 2fr^3 4<D^-?nfrimzum<D$&m\z 
a ^£e£x3§ ic j: y ^« s n fig e^oti »3*^ e> mmnim jc j: »; as <* *i & a 

[0 0 5 9] 
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[0 0 6 0] 

, sasw osteins'** h^»^p,fii»x@icj; ysj^sn.fcA^iirfiiics^ja 

[0 0 6 1] 

o 

[0 0 6 2] 

mmum K&vmmznfcrtxrv mmm n & ea^ - * t l t i bus -r s ^ - 

IE£*ifc(£ffi8£fc, •5 s -*3B«XfItcJ: UgE1i3*ifc«rtfc© 3 
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[0 0 6 3] 
[0 0 6 4] 

[0 0 6 5] 
[0 0 6 6] 

£A#U StA*LfcfafllSI»S:»iELfcfiSS»^'rscihS:4f«^rs. 
[0 0 6 7] 

ft#3g4 4ffi*©$8H8tt, ff^«3 lmMOimWlZ&^T. ffiffS»»iEXS 
Ji, HH&XglCJ: y»»S*lfcA*lifllttC^oTV^ft#©&fll^&li3£L, 
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[0 0 6 8] 

mow* 3 ikm&yt<D&®.mz. £ w s mm v>rm m z wfe? z fcrnmrnfenm t . 

* mmxMK «fc »J fBH S ft 3 «Cjc^ h #«j&&S h > & 2 ffl 
[0 0 6 9] 

MSS^ffliEXS lei »JffiIE3ftfc&1BgH»fc, t 1 - #fB1iX5fS{c <fc UsB'lt^ft 

[0 0 7 0] 

££^c^LT#/&£ft, MW*#«ISXStt, mresEi&sisr^xstcj:*;^ 
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[0 0 7 1] 

mh¥££/&u mm^m&nmit. rare&»£W£/sxjgicj:y£j8s 

[0 0 7 2] 

it #914 smmnrnwiz. gf##4 6#e>4 s^-rti^ i5ucfa«©^{c 

[0 0 7 3] 

3 &7ftg4K&iW5£-r 5 3^7C^affSXSfc, 3BS*fi&£&£ 

-^^Lriaift-rs^-^aHiKxgi:, stttiissn, murx^tt, s»x 
e^aasnfe^*©^-* fcM^t-s^ft©Hi»s:AiJiiif«i: Lxmm-t^m. 
&j:mt. T-*mmj:nK <t »;ga«stifcflgw3Ei&?siBirt^e)iK»xsic ± y 

4 6 fflSE# 2000-3113492 



#2 000-105399 

lit, £^LT#/&£;n3 3t £#^£-r3 0 
[0 0 7 4] 

3 ^fc^©#^SJCfe^S^®(Z)M^$:S!l^^-g>^^M^XSi:, 

^i&£iM/&xst> aflsw^i&sra^xsfc^y^stifcisie^^ n^h 

SrS^-^^UTIBIB-rs^-^IHIiXSfc, &*LT#fifc$*i, M^XSti 

jimfr e> ft&xg tc j: y ft & s ti Aij®# (est) £tet -r § ® m z ttm mm t o 

ft»X@£J:yfti&3ftfcA#H«fc&Jt«U I2o©If05lKIfflf 
flfffi&»mfSH<»Jt«xSi:, Slff«Jt«S5Xgjc J: yntffistifcffffiiiics^ 
v*T, ftl^XStC J: y»l^3 4xfe«jft^a»XStca»S4xTVN«ifefrTfS)S^ 

[0 0 7 5] 

»#^5 2fB«©f§^li> ff^3 1 5 l<Z)^T4x;fr l£tCffi«©*&IJ!lC 
fcVMT, 3^7C^«M.^XStt. mmZmfr&tSZ. tiC J: y, 3#Cfc^S:$l3t 

[0 0 7 6] 
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[0 0 7 7] 
[0 0 7 8] 

a* * •* & z. t & m n t ** o 

[0 0 7 9] 

[0 0 8 0] 
[0 0 8 1] 
[0 0 8 2] 

[0 0 8 3] 
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<fc ys^sftfeg^-* M&t&mizj: vmmztifcAtjmmtm-o 

[0 0 8 4] 

3 r^^M^^c j: y sis s ft 3 #c7cjg# £ > filf*i^M{c «fc y 

SftfeiEW^fc&e^-^fcUTffiiai-tS^-^IBIia^Jlt, Sr^LT«fiK3 
[0 0 8 5] 

^^4^^<Z)3^^^^M^t-S 3r^5t;^M^Si:, i£#*flfci:&£ 
[0 0 8 6] 

mtzng, 3 tfcTcJBttMJtaiJiic <fc y M£ o 3 ^tcj^^©^ 

h&S 3&^#&£fifc^5¥^tt£ja«£Sfc, £»*F*i:fc5«f#©3?|fc7U 

^SICJ: 'JIS$tlfc3Wti:, ¥i%BW£.$.$S>miZ& y£j*3ftfc¥*& 
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[0 0 8 7] 

JI IC J: y g# $ ti fe m& <D - * £ ib , £ <fc y S *i fc 

<D&*<Dmm$kft<DT"e<Dmm&mm&mmmm£ LT&f&-t&wm&m#im£ 

[0 0 8 8] 

se>tc^LT«^sti, mmmm^m^m^miz ^ y£# 

[0 0 8 9] 

tifefilS^^ S^SK:J:yiiJ»S4xfeA^iliF«t©ISI©fflB8S:#«> 
[0 0 9 0] 
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[0 0 9 1 ] 

^mmtLx^m-r^mm^m^mmn. ^mLxmrn^nszt^mt-t 

[0 0 9 2] 

JM&fMt/t&JIJc J: citric, Hlfe^«tajc «fc U£f&£*l 

[0 0 9 3] 

cj: i ;> mw&mz & vmm±Kmtix^&&mmm<D*toft*:m$&\Bi<D&m l 
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[0 0 9 4] 

it. &*>frv&>mfezn f=.-fe<D&mmm & miE l & &mmm ttzztzmm 

[0 0 9 5] 

it. MB&miz£vm&zn&AfimMiz^^T^zmfa<D&m^m<DA^* * 

[0 0 9 6] 

it. M&&miz£vn&2.nt~Ajimmiz^^x^zmfa(D&mmmzmfeL. 

[0 0 9 7] 

m&mi immomwit. smm<^nmiz^^x. ^mmmit. &m 
mfav> 3 rk^m^(D^mmizt5n^mm<D^mm^m^^^mmm^mti. 

SH'H-rs^-^faii^si:, &^br*^$*i, ^mmmmiE^mit. r-zm 
mmmizj: vmm2ftt^mgMm£m-<Dmm£&mzM&&mz£ym&2 

t-* - # ga««tffl tc j; »; tan s n t=. 3 & ^ mm^Mm n . m 2 © j&#r m 
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[0 0 9 8] 

HPMlfr® ft$¥ <b flgig&S IC J: »; $ n Aiftlift IC g f -5 ® ft £ J* 

[0 0 9 9] 

nferoW^S&SraW^^A^Hfttcft^iSftl-rsHftSrJtiSlHfti: Lt^tS 
[0100] 

ic J: y, HBiB&fttcj: »;Wft±Kl3K4iTV^53gS&SH©^:W^«:«^Sra©Sl£ 

ftfcttlS^? h;i/3¥fc, S^atcJ: y»»stifcA*liifftiiO!)IBI©*BWS:#«) 
, tStfBMfcaicajg-^* bJlffifrbM&mmizl: »J!6^S*ifcA*®ft»c«=baa 
&lT£®ft£J:bii*®ft£ UT^tSIh^ttS. 
[0101] 

fci^T, MWWiE^att, Mft*l»«LaifCJ:»;fl8W|gJ»iiffti¥*<^Snsi9JC 
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[0 10 2] 

aica» $ ti tiiftcf- # t. m^-r s mft&mm & x± mm. t. v x z m 

^tit=.xi]mmt &j*«u mz^nwmnM&mnmmm^n&^&mmikM 
rah, mmmftmmmiz£vn.mznt^wmmiz.m'3\<\x, m&ximiz&yn 

[0 10 3] 
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xmrn-tzmm^mt, 7-zmm#t i miz£*)mm2ftf=.mm.'<>? hjvmt. m 
jvffifr^n&mmiz j: vm&zntzAtimMizmb&ntzmmzitmmMii l 

v*t» n&mmiz <t ijmm^nr^m^mmmmiz^m^tix^zm^x^z^ 

[0104] 
[0 10 5] 
[0 10 6] 

m&ms zmmcDmmiz. m^m6 o^^ 8 z&^rnfrimzmnoftwiz 
^3 vat, Wi&#m\t. yj)i<u, ^m. wmmv>^irnfrzm&&/uT% a±w 

[0107] 

ft#^8 4mM<£>mmi$. ofr*> 8 3 ©v^-rtifr lmizmm&mmiz 

[0 10 8] 
[0109] 
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[0 1 10] 

[0111] 

[2B^tf)|&&6cD7£fflU 

[0 112] 

cm i e>mm<Dj&M) 

©j5lf4s*fctt£ft«3:iH£U M#&3B«LTfe<. J8te#© 2 0 0 li, fcf^ 

ti x ^ s 7 s - 9 n (Dm&t&m & ft o c 

[0 113] 

iz & %> m&ttmmfa <d m * & m © t *e © m#i¥ w 

[0114] 

ztm^m. i o o 3 fcTzm^mfe^m no, si* *s8»£#a i 2 0 & * t>* 
7-*-^fH'it#^ 1 3 o^e>«fiKsn*. 

[0 115] 

£$[j£U ^-^IHH^mi 3 Otcm^-t-So MiH 1 - 1 2 3 6 8 

5 6 fflSE4$ 2000-3113492 



#200 0-105399 



[0 116] 

KMmmfemm 120a, 3 ^mmcmj^t^m^mm^^Mm^m^. l 

, -T-'-^fH'H^ei 3 0{Cffiij1-£ o MAtf, 1 - 1 2 3 6 8 7#{CfH 

«£*l£3&^ftM5£^g£«V^k£, 3&7G^:fKfc|S8B#tc^«&#0>*®<D 

h& tc « &itm lx^& titans mm -r s . 

[0 117] 

(Z>9>^?:IfcUtftt£ 0 fit, ^T©^>^$:|SI^{C*^T$-&T®#$:^-t 
[0 118] 

[0 119] 

B8^I12 0 Ott, Jg^®2 1 0, gfi^iM#I2 2 0, JM*flE#l8 
2 3 0, HHWt«#©2 4 0 feJ;OT^rJ^#a2 5 0 *>#fa)c3ftS. 
[0 12 0] 

zmftzmmL. A±mwm^x^Lmmmm^m2 2o. mmmjE^m2 3o 

[0121] 

mvwmmmvin ct x , T y , t z > , (r x , R y , r z ) , * 

*9©&J&SE«lf, a»^fa&fflV>S. &e&$M£5£#© 2 2 0 tt, £*1*>©A 
9 ^ * & Itfffl # ^H® & B & *^ #» T Wfi ^ 5 J: ^' * ^ffiS © >T > * 7 x - 

5 7 ffilEff 2000-3113492 



#2000—105399 



[0 12 2] 

tf-xmc& UM4a-^t>$tiT^$ti<5 0 ffJM#li2o(7)H^^r>°ofcyfi^ 

[0123] 
[0124] 
[0 12 5] 

£Mci£ft^(«l^C J:oT£££0#£<, fc-Tftli, ® 

#©#Mit (u, v) OiTOl (u, v) tt, Mimc^LTV^jSIJ^B ( 

u, v) , Ssj»*i^/<^ h;i/N (u, v) , j , #l*J^* h;i/L 

i icfcyj^Ttc^-r [^ci] ^tf^tts. 

[0126] 

I(u,v) = B(tt,t>) max(J^ (JjLi • N{u,v)), 0) • • • (* i ) 

t 

[0 12 7] 

33T% max () HBA«a»*S*^«i £ ft 
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[0 12 8] 

CH2] 

I{%v) = B(u,v)N(u,v)-L = • . • ( *2> 

t 

[0129] 

7£tg, "Tftto^^ 3&7GtCfc5tf, HHRjCtt, max () 
[0 13 0] 

n%.Lt=.&wc(DmmzmM-?z> 0 &&<Dmm<DT'v<Dwm*&--<Dmm<D'mi&<D 

[0131] 

tf^^yffjf^ Kj .Mason Woo, Jackie Neider.Tom Davis, YWy • 'Ji^L' 
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ifi V \ ® ft & £ «fc 5 iC f £ c 

[0 13 2] 

\t-m t? & »j , Mttn tc i u m& k. &n & mis tc o v % t mmm & it n -* %> d t 

[0133] 

Kj (i = l, 2, N) T&bfr-ft:, VttJ^TJC^t-r [5*5 3] T*&£;fc>3 
[0 13 4] 

[R3J 

S — [-^1 -^2 * * * jFCjvJ 

V = ^SS T • • • (*3) 

[0 13 5] 
[0 13 6] 
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±;y- x 100 [%] «4) 

[0 13 7] 
[0 13 8] 

232, mm&m&m&f&^mz 3 3fc£tfM^#ft£#i£2 3 4^e>t«s 

[0 13 9] 

fc^^U 8^^10° &£&C-9 0° ^&90" * -eltftSiir, 3 6 li 
[0 14 0] 

Hftt£jifc#J§* 2 3 2 ft, f-*fB«¥gl 3 O^&Bg^Utfcfiiftft j ©3 
[0141] 
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ii^-rffs. rn&cD^^tt— fin?**;, ^MijiWffiais^f^T^&o^fey 

[0 14 2] 
[0 14 3] 

flBlBSE#£l8!£/fc#© 2 3 3 li, jSi«ft2 3 2T*£/&3*l£jMMfr® 
«^e>MW^B»^ISS: [5*3] Clfc^tfflU tm^tifcftiS^^ h;b 

[0144] 

[»5] 

— 1^? — - ^ 0.95 • • • <*5) 

i=i a * 

[0145] 
[0 14 6] 
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u mmtm^m2 4 oicm#i*-£ 0 

[0 14 7] 

me] 

n 

[0148] 
[0 14 9] 

[»7] 

^ = l/;-/ c |2 ...« 7) 



[0150] 

M^#l&:£i£D- 1 1 , Vo 1 . J80-D- II , No. 8, pp. 2031—2046 , 1 997) (Ci¥L<«&^^tlT 
[0151] 

[01 52] 
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[0153] 

*h;i/i c it K6] x£.f&x%z> a 

[0154] 

ttlll^nM,; LAjjmm^? hill q £©HE$tD (3iM<£>^tf)2Sii 
[0 15 5] 

d<d' •efetiif^^-efe-st^t-^. 

[0 15 6] 

mm<D£f&fr<bmm}fc%t^&.2 a o \z&%mmm<nn&&x<DWM%:W®Lmft^ 

[0 15 7] 

mz, *mmo)& 2 e>mM<DMmiz^>^Tm 6 tmi z^mLxmrnizmm-t 
&o 06 ^2<Dm:m(Dmmiznn^mmm^mm(Dm^j:Mm<D^ti^ 

^ £ J: OT^^M^ 2 3 l^^i^W^^ 
[0 15 8] 
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[0159] 

■%&<D—ffl£ LT?£tf> <£ o K¥ #3! < & & 

o 

[0 16 0] 
[0161] 

tfe<. fift*g2 10 0li, 3^C7C^M^#®2 1 1 0, t^^-YUMI 
»#S2 12 0 fcitf-r-^IBIS^JiU 1 3 9 0^e>*^S*l«. 
[0 16 2] 

3^7n^M^S2 HOIt 1 - 1 2 3 6 8 7#JC|H*SttTVA 

•5 «fc ? & 3 &7c7&ttiM£ae&M^T&#© 3 ^tc^&MS U 7 s - * 3B«^ 
S2 13 0(Cffiij^-^ o 
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